Socioeconomic status is associated with mortality, yet does not fully explain health disparities. This study analyzed data from the Project on Human Development in Chicago Neighborhoods (PHDCN), in the USA, to identify neighborhood-level factors associated with premature mortality. 1990 US Census data and mortality data from Chicago were merged with data from PHDCN, a study of 8782 residents in 343 Chicago neighborhoods. We performed a multivariate analysis to determine the association between premature mortality and concentrated disadvantage, residential stability, immigrant concentration, ''collective efficacy'' (a measure of willingness to help out for the common good), and ''broken windows'' (boarded up stores and homes, litter, and graffiti). Both collective efficacy and broken windows appeared to mediate the effect of concentrated disadvantage on all-cause premature mortality and mortality from cardiovascular disease and homicide, but there was also an interaction between broken windows and collective efficacy. Non-income characteristics associated with poverty should be further investigated. Interventions to determine whether these factors are causally related to health are needed. r
Introduction
Disparities in mortality rates by socioeconomic status (SES) are pronounced not just for all-cause mortality, but also for all major categories of specific causes of mortality, such as cardiovascular disease, cancer, and injuries (Davey-Smith, Neaton, Wentworth, Stamler, & Stamler, 1996a; Davey-Smith, Wentworth, Neaton, Stamler, & Stamler, 1996b; Kunst, Groenhof, & Mackenbach, 1998; Mackenbach et al., 1999; Marmot, Shipley, & Rose 1984; Yeracaris & Kim, 1978) . Rate ratios for mortality among persons in the lowest SES groups compared to those in the highest groups have been in the range of 1.2-4.0, indicating that the effect of SES on mortality is strong. These mortality differences have been found in many different industrialized countries, including those with smaller ranges of socioeconomic difference than occur in the US and those with universal health care coverage (Mackenbach et al., 1999) . The fact that these disparities cut across many different health processes, each of which has a distinct pathogenesis, suggests that there may be some underlying phenomenon related to SES that causes disease. It further suggests that our understanding of this phenomenon will come not from a closer study of individual diseases but rather from a study of issues outside of the individual disease pathways.
Some of the disparities in mortality associated with SES can be explained by lifestyle. For example, persons of lower SES are more likely to smoke, to drink to excess, and to have high-fat diets (Davey-Smith et al., 1996a, b; Marmot et al., 1991; Yeracaris & Kim, 1978) . Of note, there is a short-term economic cost of maintaining these risky behaviors, such as the cost of purchasing cigarettes, alcohol, or high-fat foods, which suggests that the unhealthier lifestyles are not due to an absolute lack of money. Why persons of lower SES have unhealthier lifestyles is both an important and an unanswered question.
Even more broadly, it is unclear why relative poverty, defined only in relation to the average resources available in a society and not necessarily with a lack of sufficient food, clothing, or shelter, is related to ill health (McCally et al., 1998) . Researchers have investigated the possibility that SES-related health disparities are mediated by the number and nature of relationships among persons. At the individual level this concept has been measured as ''social support'' (the number and type of relationships an individual has) and at the population level this concept has been measured with the closely related concepts of ''social organization'' (Sampson, Raudenbush, & Earls, 1997) , ''collective efficacy,'' a measure of willingness to help out for the common good (Sampson et al., 1997) , and ''social capital'' (Kawachi & Kennedy, 1997; Kennedy, Kawachi, Glass, & Prothrow-Stith, 1998; Sampson et al., 1997) , a measure of the quality of relationships among community residents. Communities with lower SES have lower rates of social cohesion (Coleman, 1988) and individuals in lower SES groups have less social support (Berkman & Breslow, 1983) . Researchers have consistently found that individuals with lower levels of social support have substantially higher mortality rates, with relative risks in the range of 1.8-4.0 (Kawachi et al., 1996; Sampson & Laub, 1990; Welin, Larsson, Svardsudd, Tibblin, & Tibblin, 1991) . At the population level, communities with lower levels of social capital also have substantially higher mortality rates (Kawachi & Kennedy, 1997) . However, studies which have been able to look at the interrelationships among mortality, SES, and individual-or populationlevel social network measures suggest that differences in social cohesion cannot fully explain the disparities in mortality by SES (Berkman & Syme, 1979; Haan, Kaplan & Camacho, 1987; Kawachi et al., 1996; Kawachi & Kennedy, 1997) .
Another line of inquiry has been the study of the physical aspects of the neighborhoods in which persons of lower SES live. Neighborhoods of persons of lower SES tend to have higher rates of physical disorder and deterioration and also are characterized by social disorder (Sampson & Groves, 1989; Shaw, David, Danny, Richard, & Davey Smith, 2000) . They also are more likely to have features that directly promote unhealthier lifestyles, such as a higher density of alcohol outlets (LaVeist & Wallace Jr., 2000) and a lack of or higher prices for healthy foods at grocery stores (Macintyre, MacIver, & Sooman, 1993) . When it has been studied, the neighborhood of residence is an important predictor of mortality. In the largest US cohort study published demonstrating the deleterious effect of SES on mortality, the zip code of residence was used as a proxy for individual SES, so part or all of the observed effect may in fact have been an effect of neighborhood of residence, rather than an effect of individual SES (Davey-Smith et al., 1996a, b; House, Landis, & Umberson, 1988; McCally et al., 1998) . Haan et al. found that residents in a federally designated ''poverty area'' in Alameda County had a 1.7-fold higher mortality rate than residents in nonpoverty areas of the same county after controlling for demographic features, socioeconomic factors, lifestyle factors, and psychosocial factors (Haan et al., 1987) . Cohen et al. (2000) found that after controlling for income, race, unemployment and education, deteriorated neighborhoods, defined by litter, graffiti, abandoned cars and blighted housing, were an independent predictor of gonorrhea rates. Indeed, there is increasing evidence that the physical environment is an important predictor of physical activity, a risk factor for a variety of diseases, including heart disease, diabetes, and certain types of cancer (Kahn et al., 2002; Sallis & Owen, 1996) .
In order to further explore the role of the social and physical environment on health we reanalyzed data from the Project on Human Development in Chicago Neighborhoods (PHDCN), a study that investigated collective efficacy in 343 neighborhood clusters (NC) in Chicago.
Methods
Data for this study were obtained from three separate sources. Individual deaths for Chicago residents from 1995 to 1998 were supplied by CAGIS, University of Illinois. These included all deaths registered in vital records by the Illinois Department of Public Health. The PHDCN provided data from a Community Survey (CS) completed in 1995 on 8782 residents of 343 neighborhoods in Chicago (Sampson et al., 1997) . Included in the community questionnaire were information on neighborhood conditions, informal and formal social control, and social cohesion. Households within NC were sampled in such a way as to make a self-weighting sample. Finally, other predictor or control variables were obtained at the census tract level for Cook County (Chicago) from the 1990 US Census through their internet site.
All analyses were conducted at the neighborhood cluster level. NC were aggregations of census tracts grouped based on homogeneity of race, SES, housing density, and family organizations, with a mean of two census tracts per NC (range 1-7). The CS was an inhome interview and provided the link between census tracts and NC. Individual deaths and census tract data were aggregated to the NC level.
Mortality data
Individual deaths were aggregated to the NC level and then age adjusted to calculate mortality rates (Page, Cole, & Timmreck, 1995, Chap. 2) . As the primary focus was on identifying what aspects of neighborhood conditions lead to poor health, premature deaths were selected as the most appropriate outcome measure. Deaths before 65 yr of age from four consecutive years (1995) (1996) (1997) (1998) , were combined to stabilize the mortality estimates. Demographic data from the 1990 US Census by census tract were used in the adjustment. For adjustment, deaths for 1995-1998 were grouped into ten age groups as follows: less than 1 year, 1-4, 5-14, 15-24, 25-34, 35-54, 55-64 yr. In addition to total premature deaths, premature deaths by three specific causes were analyzed separately. These included: cardiovascular disease, homicide, and malignant neoplasms. These three causes comprise 54% of all premature deaths in the 343 NCs (range from 29% to 74%). All mortality rates were expressed as per 1000 population. All mortality rates except malignant neoplasms were log-transformed to reduce skewness. The log of homicide rate was adjusted by adding a constant to allow for zero values for some neighborhoods.
Community survey predictors
Data from the CS were analyzed similarly to the procedure used by Sampson et al. (1997) . Collective efficacy was derived from two measures; ''informal social control'' (ISC) and ''social cohesion and trust'' (SCT). ISC measures the likelihood of intervention by neighbors when a problem arises. SCT includes questions about the neighbor's relationships with one another (i.e. trustworthiness, friendliness, helpfulness). Individual answers were aggregated to the NC by taking the mean of all pertinent questions and coded to measure from better to worse (i.e. a low value for collective efficacy reflects good relationships with the neighbors).
Measures of the physical environment of the neighborhood were also obtained from the CS. Respondents were asked to rank the following three items: (1) How much of a problem is litter, broken glass, or trash on the sidewalks and streets? (2) How much of a problem is graffiti on buildings and walls? and (3) How much of a problem are vacant or deserted houses or storefronts? The mean of these three questions was calculated for all NCs. The resulting measure was translated into an index, described in the next section.
US census predictors
All US census data from Cook County (Chicago) were extracted from the US Census Bureau internet site; however, only those corresponding to the NCs used in the CS were included. The following variables were selected: the number of females, number of blacks, number living in poverty, number receiving public assistance, female headed-households, number unemployed, less than 18 yr of age, number of Hispanics, foreign born, who lived in the same house 5 yr previously, of owner occupied houses, of total units boarded-up. All estimates were aggregated to the NC level and percentages calculated using appropriate denominators.
The housing measure of number of total units boarded-up was aggregated to the NC level and expressed as a percent of all units. It was combined with measures of the physical environment from the CS. The resulting ''broken windows'' index was the mean of the normalized estimates for both the CS and the census tract variables. All components of the index were coded to go from better to worse; thus, a low value for broken windows reflects lower neighborhood deterioration.
Data analysis
We used the same factors that were found to predict violence in the original study of collective efficacy (Sampson et al., 1997) : concentrated disadvantage, immigrant concentration, and residential stability. The factor analysis procedure in SPSS gave factor loadings, extracted using the oblique method. Least-squares regression analysis was used to examine relationships of the three factors, collective efficacy, and the physical environment (broken windows) on mortality. Although Sampson used hierarchical linear modeling to examine neighborhood affects on violence after controlling for selected individual measures, this could not be duplicated here because mortality data came from a different source than the individual data on collective efficacy.
Casewise diagnostics and collinearity statistics were calculated to identify any outlying values and problems with correlations between predictors. Percent female was added as a control variable since gender is related to premature death, and these rates were only adjusted for age. The broken windows index was added to the model along with collective efficacy to determine whether the physical environment had any independent effect on premature mortality. We also included an interaction term between collective efficacy and broken windows. We used the logistic regression procedure in SPSS to calculate odds ratios (OR) for the effect of the collective efficacy and broken windows indices on premature mortality, controlling for the other predictors, concentrated disadvantage, residential stability, immigrant concentration, female headed household, percent female and the interaction between broken windows and collective efficacy. Age-adjusted premature mortality, and the indices were coded into 0 or 1 as follows: one or more standard deviation above the mean was coded disease present, and exposure (yes) and less than 1 SD above the mean was disease absent, and exposure (no).
Results
Descriptive statistics for the 343 NC are listed in Table 1 . There was good variability of all measures across the 343 neighborhoods. Table 2 shows correlations between all the variables. Of note are the very high bivariate correlations between concentrated disadvantage and all the other variables, especially the broken windows index (r ¼ 0:85), premature mortality (r ¼ 0:80), and collective efficacy (r ¼ 0:60). Casewise diagnostics and collinearity statistics indicated that the high correlations were not problematic, in that both the variance inflation factors and condition indices were below 5.0, considering that only levels >10 and >30, respectively, are considered unacceptable (Kleinbaum, Kupper, & Muller, 1998) . Table 3 shows four different regression models with premature mortality and cause-specific premature mortality as the dependent variable. In the first model, allcause premature mortality was associated with all the factors except residential stability. The addition of collective efficacy only slightly improved the variance explained, but significantly reduced the contribution of concentrated disadvantage to premature mortality. The addition of the broken windows index further reduced the contribution of concentrated disadvantage. Thus, both collective efficacy and concentrated disadvantage met the definition of a mediator (Baron & Kenny, 1986) . There was a significant interaction between broken windows and collective efficacy (b ¼ À0:244; p ¼ 0:03) and the addition of this interaction term significantly increased the strength of the independent associations between both collective efficacy and broken windows and premature mortality. In neighborhoods with low broken windows scores, collective efficacy appeared to be protective for premature mortality, while in neighborhoods with high broken windows scores, there was no effect of collective efficacy on premature mortality (p ¼ 0:45).
For premature mortality due to cardiovascular disease and homicide, similar patterns emerged: adding the collective efficacy and broken windows indices reduced the contribution of concentrated disadvantage. For both cardiovascular disease and homicide, adding the interaction term significantly improved the relationship between mortality and broken windows and collective efficacy. Neither collective efficacy nor broken windows were associated with premature mortality from malignant neoplasms.
In the logistic regression model predicting premature mortality, the odds ratio for broken windows was 6.99 (p ¼ 0:05), indicating that in the most deteriorated neighborhoods the odds of dying prematurely was increased nearly 7-fold. After controlling for the interaction with broken windows, the odds ratio for nn Correlation is significant at the 0.01 level (two-tailed). Cell values are standardized coefficients (t statistics and p-values). a All rates are based on premature deaths and expressed per 1000 population. Deaths are aggregated over 4 yr from 1995 to 1998. Premature deaths are defined as deaths before age 65 yr. All rates are age-adjusted (w/o CE=without collective efficacy; w/CE=with collective efficacy; w/BW=with broken windows index; w/Int=with interaction of BW Â CE). the effect of collective efficacy on premature mortality was 0.28 (p ¼ 0:19).
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Discussion
The constructs of collective efficacy and broken windows are likely to be two mechanisms through which relative poverty leads to poor health. Collective efficacy is not only likely to constrain behaviors associated with homicide, but it likely to be related to the concepts of social support that have been found to be associated with increased longevity in other studies (Berkman, Glass, Brissette, & Seeman, 2000) . While the mechanism of how social interactions influence physiological properties in adults is unknown, one clinical trial demonstrated that persons with more social ties were less susceptible to development of cold symptoms after receiving nasal drops of rhinovirus suggesting a role of the immune system (Cohen, Doyle, Skoner, Rabin, & Gwaltney, 1997) . A randomized controlled clinical trial to increase social interactions with infants in intensive care units has shown significant differences in medical outcomes, including improved recovery rates, shorter hospital stays, better weight gain, better motor system functioning and autonomic regulation among infants who received more human attention compared to the usual standard of care (Als et al., 1994) . There is no doubt that social interactions influence physiological functioning in infancy; therefore, it is plausible that social interactions can have physiological effects on adults as well.
The broken windows construct, which signifies deteriorated neighborhoods, is likely to be associated with decreased physical activity, an important contributor to cardiovascular mortality. Recent studies on ''walkability'' and environmental determinants of physical activity have indicated that attractive, aesthetically pleasing settings are more conducive to physical activity than areas that are unattractive and possibly dangerous King et al., 2000) . The presence of a blighted house in an older urban neighborhood may discourage walking by inducing fear in residents-fear that may be irrational (based on the message communicated by the appearance of the house) or rational (based on the abandoned house becoming a site for prostitution, drug sales, and associated violence). This effect, though indirect, may be very strong; in one survey 31% of low-income persons are afraid to walk or jog in their neighborhoods, compared to 15% of higherincome persons (Yankelovich, 1995) . While the dominant thinking about health is that individual knowledge, attitudes and skills determine our health behaviors, the possibility that the conditions in which we live are in large part responsible for longevity suggests that future public health interventions should consider our social and physical environments.
The construct of broken windows, should it literally have an effect on healthy behaviors, is potentially remediable through enforcement of existing zoning and housing codes. All localities have agencies that govern the maintenance of public and private poverty. Cities can make special efforts to keep streets clear and clean, and to swiftly adjudicate abandoned properties, including potential expropriation and transformation of blighted buildings to green spaces or small parks. Currently, authorities tend to be more lax in enforcing housing codes in lower-income areas than in higherincome areas (Howe, 1983; Ross, 1995) . Indeed, the maintenance of public areas may be more important in low-income neighborhoods than in high-income neighborhoods.
The construct of collective efficacy is also potentially remediable, although the mechanisms for such remediation are not clear. Participation in voluntary organizations may be a means to develop trust and better social relationships, rather than participation being only a reflection of already existing positive social skills (Brehm & Rahn, 1997) . If this is true, than the development and support of a variety of local civic organizations and clubs may provide opportunities for more positive social interactions and social support among neighbors.
A strong relationship between the physical condition of one's environment and one's ability to develop supportive relationships with one's neighbors is certainly plausible. When neighbors fail to maintain their properties, it may be perceived as an assault on other residents who may see their own property values threatened. Neighbors may also be concerned about hazards to their personal well-being. When such threatening conditions continue without remediation or intervention by a governing authority, residents may feel more distrustful and powerless and unable (or unwilling) to develop positive social relationships. However, where the neighborhood environment is pleasant (few broken windows), people may be more likely to spend time outdoors, which would increase the likelihood that they would see and/or meet their neighbors and gain some familiarity with them or even have positive social interactions.
In general, both collective efficacy and broken windows show independent influences on premature mortality; however, the lack of effect of an independent effect of collective efficacy in deteriorated neighborhoods suggests that it may not be a viable leverage point for reducing premature mortality in these conditions. The physical stigma of poverty and the implied tolerance of deviant behaviors in areas marked by graffiti and boarded up homes may overwhelm the ability of people to act cooperatively for the greater good. The physical environment may act as a threshold such that beyond a certain point of deterioration, it may not be possible to actually initiate viable or sustainable voluntary organizations where there are no appropriate physical infrastructures to house them nor complementary structures that could provide additional support.
There are several limitations to this analysis. First, cross-sectional data cannot address the directionality of the association between the social and physical environments and mortality. On the one hand, it is possible that poorly kept neighborhoods lead to poor collective behavior, but it is also plausible that people with no interest in the common good are the cause of neighborhood deterioration. Second, many of the risk factors for premature mortality are cumulative and may have occurred when people lived elsewhere-only half of the sample reported living in the same household over the past 5 years. Third, this analysis is ecological and therefore unable to control for individual level factors such as health risk behaviors, particularly smoking, alcohol use or exercise. However, the findings are consistent with other studies that show relationships between social variables and mortality even after controlling for individual level factors. Furthermore, the association of physical environmental variables with mortality has a plausible physiological mechanism through physical activity. Finally, there is a time gap between the measures of neighborhood as reported by the US census in 1990 and the survey measures that were collected in 1995, during which neighborhood characteristics may have changed.
In order to determine causality, the next step would be to either evaluate natural experiments or to implement interventions to improve collective efficacy or reduce broken windows and look at relevant intermediate endpoints such as physical activity or measures of social interactions, such as membership in voluntary organizations. Given the likelihood that social and physical environments are in large part responsible for the health disparities that plague our nation, further efforts to identify the factors that are both causal and remediable are needed to improve population-level health. 
